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ABSTRACT
Webster, Terence A. , Winter, 1981 Geology-
Faulting and Slumping During Deposition of the Precambrian 
Prichard Formation, Near Quinns, Montana : A Model for
Sulfide Deposition
Director; Donald Winston
The St. Marys Fault near Quinns, Montana may represent 
Cretaceous reactivation along a Precambrian east-west trending, 
down-to-the-south normal fault zone, referred to by Winston 
(1981) as the Jocko Line. This study further describes the 
Jocko Line near Quinns to determine if Precambrian faults were 
active in the area and if they formed conduits for sulfide- 
rich brines which might have precipitated minerals on the 
southern down-thrown block.
Three sections were measured within the lower part of 
the Precambrian Prichard Formation of the Belt Supergroup: 
tv70 to the north of the St. Marys Fault and one to the south. 
Attitudes of soft-sediment folds were measured to determine 
the trend of the paleoslope. Whole rock samples collected 
at 100 foot intervals were chemically analyzed.
The lov;er Prichard interval contains a lower slumped 
argillaceous unit 417 m thick north of the St. Marys Fault 
and 716 m south of it. This unit in turn was overlain by 
a layered quartzitic unit which also thickened from 167 m 
on the north to 259 m on the south side of the St. Marys Fault. 
Slump fold axes trend N25°W, not east-west. This deviation 
may have been caused by slump induced modifications of the 
paleoslope. The sulfide content is not great enough to 
statistically infer a local source (i.e. the Jocko Line) for 
the metals. The depositional environment of the lower Prichard 
interval was a basin plain where distal turbidites and pelagic 
sediments were deposited. This environment was sporadically 
interrupted by faulting and sediment slumping to the southwest. 
This environment was overwhelmed by massive quartzitic grain 
flow deposits of the upper Prichard interval, which rapidly 
filled the sedimentary basin as a consequence of the lowering 
water level.
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CHAPTER I
PURPOSE AND SCOPE
The St. Marys fault is one of the major faults along a
N 80® W trend that extends from the Coeur d'Alene mining dis­
trict on the west to the vicinity of Falls Creek on the east 
(Harrison, 19 73) (Figure 1). The dominantly north to north­
west trending folds and faults north of the St. Marys fault 
swing sharply east southeast on the south side of the St.
Marys fault. This structural deflection marks the St. Marys
fault as one of the more important structural features in 
western Montana. Winston (personal communication) believes 
the St, Marys fault near Quinns, Montana, represents late 
Cretaceous reactivation along a deep-seated Precambrian down- 
to-the-south normal fault. The presence of large Precambrian 
slump structures within the Prichard Formation of the Pre­
cambrian Belt Supergroup, near Quinns, Montana, and the asso­
ciation of large slump structures with tectonically active 
slopes in the present and past may support Winston's hypotheses 
(Ricci-Lucchi, 1975; Eriksson, 1980; Lovell, 1969; Walker, 
1978; Emery, 1970; Normark, 1974; Mutti, 1974; Whitaker, 1974; 
Middleton-Hampton, 1973; Helwig, 1970 ; Heezen-Drake, 1964;
Fairbridge, 1946; and Uchupi, 1967),
1
study
areaCoeur 
D'Alene 
Mining ' 
District
St Marys 
/  fault
M O N T A N A
Missoula
100  km
D A H O
McLaugtilin Creek
Flattiead RiverSt Marys fault
Clark Fork River
5 km
0  M cLaughlinCr.site  
(2) Flathead R. site
Quinns site 
p€ diabase intrusive
Figure 1 Location map
Winston believes this proposed down-to-the-south Pre­
cambrian fault to be the northern boundary of an east-west 
graben, which subsided during deposition of the Belt Super­
group. The objectives of this study in the lower Prichard 
Formation.near Quinns, Montana have been: 1) to evaluate the
evidence of down-to-the-south Precambrian high angle faulting, 
2) to ascertain the geometry of the paleoslope responsible for 
forming the slump structures, and 3) to determine if the pro­
posed fault acted as a conduit for sulfide brines, which may 
have precipitated on the southern down-thrown block close to 
the present St. Marys fault.
To achieve these objectives I: 1) measured stratigraphie
sections within the lower portion of the Prichard Formation 
on both sides of the St. Marys fault to see if sedimentary 
units do in fact thicken to the south, indicating Precambrian 
faulting, 2) analyzed slump folds within the lower Prichard 
to determine down-slope direction, and 3) collected samples 
at one-hundred-foot intervals within the measured sections 
on both sides of the St. Marys fault for Ag, As, Cu, F e , M n , 
Pb, and Zn analysis to determine if metallic sulfide content 
increases to the south.
CHAPTER II
LOCATION AND PREVIOUS WORK
The study area lies at the confluence of the lower 
Flathead with the Clark Fork River three miles north of 
Quinns, Montana (Figure 1). Excellent exposures of the 
lowest Belt formation, the Prichard, outcrop on the canyon 
walls of the Clark Fork River on both the north and south 
sides of the St. Marys fault. This is one of the few 
areas of exposed Prichard containing extensive soft sediment 
slump structures. Calkins (1909) first identified the rocks 
in the area as Prichard Formation, noting their similarity 
with the type locality. Wallace and Hosterman (1956) also 
studied the Prichard near Quinns, Montana, and concluded 
that the formation differed from the type section in being 
more uniformly silicious with fewer thinly laminated argillite 
beds. This fact becomes significant in subsequent chapters 
dealing with basin geometry.
Harrison (1973) mapped a thick Prichard section in the 
area and identified a broad anticline trending N45°W. The 
Clark Fork River cuts the anticline from the southwest, then 
joining with the Flathead River, it continues northwest down
the axis of the anticline. The St. Marys fault, as mapped 
by Harrison, trends east-west approximately one-half mile 
south of the confluence of the rivers cutting the anticline 
at a 45° angle (Figure 1). Two sections were measured on 
the northeast limb of the anticline north of the St, Marys 
fault. The McLaughlin Creek section was measured on the 
west side of McLaughlin Creek one mile north of its conflu­
ence with the Clark Fork River, The Flathead River section, 
two miles along strike southeast, was measured upstream from 
the confluence of the Flathead and Clark Fork rivers. The 
Quinns section was measured to the south of the St. Marys 
fault on the southwest limb of the anticline just north of 
Quinns, Montana, on the east side of the river (Figure 1). 
Measurements of this section were checked on the opposite, 
west side of the river,along the Burlington Northern tracks.
Along the Clark Fork River, Harrison (19 73) subdivided 
the Prichard Formation into a 4694 m lower unit and a 1,2 80 m 
upper unit. My study focuses on a part of the lower unit of 
the Prichard which contains a thick sequence of slumped 
argillite I believe to be distal turbidites and pelagic 
sediments, overlain by a sequence of massive quartzites I 
believe to be proximal turbidites or grain flow deposits.
The total thickness of the section from the lowest slumps 
through the turbidite sequence measures 54 8 m on the north 
side of the St. Marys fault and 9 75 m on the south side.
CHAPTER III
REGIONAL SETTING
Studies by Winston (19 73; manuscript, 19 80) may provide 
a tectonic framework for the observed sequence of lower Belt, 
explaining increases in thickness south of the St. Marys 
fault and the abundance of slumps and massive sands in the 
study area. Winston suggests that the Belt basin was cut by 
at least three major east-west normal faults (Figure 2) . The 
Perry Line, a well-documented east-west structure, bounds the 
south side of the Belt basin (McMannis, 196 3) . It moved down 
to the north and was active during the Precambrian, as evi­
denced by the thick conglomeratic sediments, comprising the 
LaHood Formation which were shed from the rising Dillon Block 
to the south. The Prichard Formation north of the Perry Line 
contains soft-sediment slumps similar to the ones in the study 
area, and the formation there has been extensively explored 
for syngenetic sulfide deposits of the Sullivan type, A 
second major east-west fault to the north of the Perry Line, 
referred to by Winston (19 80) as the Greenhorn Line, extends 
from Lolo, Montana, east to Greenhorn Mountain, north of 
Helena and probably beyond.
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This fault also moved down to the north. Winston named 
the area between the Greenhorn and Perry Lines the Deer Lodge 
Block. The Jocko Line, the next fault to the north, extends 
from the Coeur d'Alene mining district in Idaho east to F^lls 
Creek north of Rogers Pass. This Precambrian fault probably 
moved down to the south. The St. Marys fault follows the
trend of the Jocko Line through the study area. The down-to- 
the-south movement on the Jocko Line formed a graben between 
the Greenhorn and Jocko Lines which Wins ton calls the Ovando 
Block. To the north of the Jocko Line lies Winston's Charlo 
Block.
Winston's evidence for this tectonic pattern during Belt 
sedimentation comes from comparative sedimentary thicknesses, 
Precambrian soft-sediment deformation, pre-Flathead faulting, 
and offset Cretaceous structures. This study seeks to test 
this tectonic pattern along part of the Jocko Line.
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CHAPTER IV
GENERAL GEOLOGY AND LITHOLOGIC DESCRIPTION
The Prichard Formation forms the thickest and one of 
the least studied or understood formations within the Belt 
Supergroup. The extreme thickness and uniformity account, 
in part, for the lack of stratigraphie study, which seems 
regrettable insofar as much of the economic potential of 
the Belt lies within the Prichard and its counterparts in 
Canada. Large quartzite units have been observed within the 
Prichard at several distant localities, but due to varying 
thicknesses and lack of adequate description, these quartzite 
units have not been correlated (Harrison and Jobin, 1963; 
Harrison and Campbell, 196 3).
The area under study contains one of the thickest 
known sections of Prichard. The formation is comprised of 
silty argillite, siltite, and quartz!tes -- estimated by 
Harrison to be 5,790 m thick. However, a series of faults 
through the formation may have thickened the section appre­
ciably (Earl Crestman, personal communication). Argillites 
and silty to sandy quartz!tes are the most common rock types, 
forming beds that range in thickness from 5 mm to 25 cm.
Many are composed of .5 mm laminate of silt and argillite 
or 1 to 2 cm graded fine sand or siltite to argillite 
couplets, Quartzites, 15 cm to 2 m thick, form intervals 
of 1.5 m to 240 m interstratified with varying amounts of 
siltite and argillite, and separated by the more argillaceous 
rock types, Most quartzite beds within these intervals have 
scoured surfaces at their bases, although some are separated 
by argillite partings. The section under study contains a 
lower interval of slumped argillites and fine sands overlain 
by massive quartzitic grain flow deposits, correlatable 
across the Jocko Line.
Although Precambrian igneous intrusions are not abundant 
within the Belt, the Prichard formation in this area was 
intruded by three diabase sills approximately 1,320 million 
years ago (Bishop, 1973). The significance of the sills and 
their location will be discussed in Chapter VI. Large open 
folds and faults within the area were formed during the 
Laramide Orogeny, but small-scale tectonic folds are rare.
A short description of the three measured sections follows; 
for details see appendices I and Figure 3.
McLaughlin Creek Section
The McLaughlin Creek Section includes a lower slumped 
argillite unit and an upper quartzitic grain flow unit. The 
base of the section was placed 7.6 m below the lowest major 
slump found on the north side of the Jocko Line.
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Figure 3 Reduced stratigraphie sections
The slumped interval overlies small-scale fine sand to 
shale graded beds from 5 cm to 12 cm thick, interpreted to 
be turbidites. They probably extend down in the section 
hundreds of meters. Some of these turbidites display t h e ' 
classic Bouma sequences (Figure 4 ).
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Figure 4 Graphic Bouma sequence (Bouma, 1962)
They grade from an A interval of massive fine sand to a B 
interval of parallel laminated fine sand to a C interval of 
climbing ripples, topped by a D interval of parallel lami­
nated sand and silt, and finally an E interval of massive 
shale (Bouma, 1962). The A and B intervals were probably 
deposited from turbid density flows in the upper flow regime. 
As the flows slowed, climbing ripples (C) and horizontal 
laminations (D) developed from deposition in the lower flow 
regime. The (E) interval was deposited either from the final 
suspended cloud of the turbid currents or may represent nor­
mal pelagic deposition between density current events (Bouma, 
1962) .
Above the turbidites is a 7.6 m interval containing 
deformed and undeformed one-half-centimeter to three- 
centimeter thick fine sand beds, 50 percent of which contain 
.5 mm to 2 mm horizontal laminations. This rock type is
12
unusual in that the beds pinch and swell over a 10 cm to 30 cm 
strike length and is, for the most part, associated with slumps, 
either as beds within slumps or as beds directly below them.
I believe this pinch and swell structure may represent slight 
soft-sediment deformation or compaction from the rapid implace- 
ment of a slumped interval above.
The lowest slump zone, immediately overlying the deformed 
interval described above, is 30 m thick, contains 2 cm to 8 cm 
thick, massive to laminated fine sand beds interlaminated with 
and commonly grading into 1 cm to 2 cm thick massive argillites. 
Both the sands and argillites are deformed into soft-sediment 
folds. These slump folds range from 24 by 35 cm to 50 cm by 
1 meter. This scale of deformation is typical of the folds 
in all the slumps observed on the north side of the Jocko Line.
Above the lower slump, sand beds from 5 to 15 cm thick, 
many of which are graded, predominate for 5 m, giving way up­
ward to fissile 4 mm to 1 cm thick argillite beds. This tran­
sition from sand to shale over 5 to 20 meters of section is 
common between major slump sequences. Ripple crossbeds and 
scoured surfaces are common in these intervening horizons.
The second slump is 8 m thick and occurs at 53 m above the 
base of the section. It contains folds in lithologies similar 
to the first slump, as do the third and the lower parts of 
the fourth slump from 76 to 14 8 m and from 228 to 297 m re­
spectively. Within the fourth slump, above 244 m, the
15
lithology becomes predominantly fine sand, in beds from 4 cm 
to 24 cm thick. The fifth slump, from 335 m to 417 m differs 
from the lower slumps in that it contains mostly fine sand 
beds with very few shale partings and no apparent grading. 
These uniform sand beds, 2 cm to 10 cm thick in this slump, 
are broken and blocky rather than folded, forming a rubbly 
outcrop. The entire interval of slumps measures 417 m.
Thick chaotic slumped sediments of this type are referred to 
as wild flysch (Dzulynski, 1959), slurried beds (Wood and 
Smith, 1959), sealing wax flows (Fairbridge, 1946), or Facies 
F "chaotic deposits" (Walker-Mutti, 1973).
Capping the slumped interval is a 16 7 m interval of 
predominantly quartz sand, interpreted to be grain flow 
deposits. The lower 30 m of quartzite beds, 30 cm to 1,5 m 
thick, form an easily traceable resistant ridge (Figure 5 )-
3 #
Figure 5 Resistant ridge of amalgamated grain flow deposits 
McLaughlin Creek
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The sand/shale ratio within this 30-m interval is high 
0-10/1) and the sand beds are tightly cemented across the 
scour surfaces, forming massive-appearing amalgamated outcrop 
profiles (Walker, 19 66) . There is no indication of channelling 
within this interval; instead the individual beds are tabular 
through the entire study area. The grain size is medium sand 
and remarkably uniform throughout the 16 7-m interval. Above 
the 30 m of amalgamated quartzites lies a 3-m horizon of fis­
sile shale. Above this interval and throughout the rest of 
the unit are 20 cm to 60 cm-thick quartzite beds, 60 percent 
of which are amalgamated, 40 percent having shale partings and 
some displaying classic Bouma sequences (Figure 6 ) .
Figure 6 Turbidite showing (B) horizontally laminated fine 
sand (C) ripple crossbedded fine sand (D) horizon­
tally laminated silt (E) shale.
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Occasional 30 cm to 3 m-thick fissile argillite horizons occur 
within the quartzite interval.
Amalgamated sand deposits characteristic of this quartz­
ite interval are variously described in the literature as 
"fluxoturbidites*' (Dzulynsky, 19 59) , amalgamated proximal 
turbidites (Walker, 1967) , facies B 2 massive sandstones 
(Walker and Mutti, 19 73) or grain flow deposits (Stauffer, 
1967).
Flathead River Section
The Flathead River Section lies on the cliff face north 
of the confluence of the Flathead and Clark Fork rivers, two 
miles southeast of the section at McLaughlin Creek, The base 
of the section lies 7.6 m below the lowest slump and contains 
turbidite sequences similar to those in the lower part of 
McLaughlin Creek. A slump and grain flow sequence similar to 
that described at McLaughlin Creek measures 564 m thick. 
Individual slumped intervals were impossible to correlate 
with the McLaughlin Creek Section. However, the sequence of 
lithologies and the scale of individual soft sediment folds 
were similar between the two sections. This section was only 
intermittently exposed and the contact between the slump and 
overlying grain flow unit was covered.
16
Quinns Section
The Quinns section was measured south of the St. Marys 
fault on the south limb of the NW trending anticline. The 
section is well exposed on both sides of the Clark Fork 
River canyon, and data was collected from both sides of the 
river. The section measured 9 75 m from the lowest major 
slump to the top of the thick quartzite beds along Highway 
135 on the south side of the river.
The Quinns section was measured, as were the northern 
sections, from 7.6 m below the first slump observed on the 
south side of the St. Marys fault. The lowest beds were 
comprised of 80 percent horizontally laminated one-half cm 
to 3 cm argillites and 20 percent fine sands in beds that 
pinch and swell, similar to those described from McLaughlin 
Creek. The first major slump measured 38 m and contained 
1 cm to 6 cm argillite beds,40 percent of which were horizon­
tally laminated. The interval between the first and second 
slump was covered. The second slump was 10 7 m thick from 
91.5 m to 198 m and contained some of the largest soft sedi­
ment folds observed in the study area, some measuring 50 m 
from limb to limb (Figure 7). The second slump contained 
lithologies like the first, as well as 5 mm to 2 cm, indis­
tinctly graded, fine sand to argillite couplets. The interval 
from 19 8 m to 24 7 m contained undeformed beds of lithologies 
similar to those found within the slumps. This interval also
17
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Figure 7 Large soft-sediment fold near Quinns, Montana
contained several massive quartz beds 30 cm to 1 m thick.
From 24 7 m in the section to 610 m, four more slumps were 
observed, from 247 m to 275 m, 335 m to 427 m, 465 m to 518 m, 
and 56 4 m to 610 m. The fourth slump from the bottom of the 
section beginning at 335 m measured 92 m and might have been 
a composite of several smaller slumps. The lithologies up 
through the fifth slump were all thin bedded, fine sands and 
silts to argillites, many of which are indistinctly graded, 
but mostly massive or horizontally laminated. Above the fifth 
slump at 518 m fine sand and silts predominate in beds from 
4 cm to 20 cm, most of which are internally laminated. This 
lithology predominates through the sixth slump up to 716 m in
18
the section where a transition to massive amalgamated quartz­
ite beds occurs. These initial quartzite beds, like those 
to the north, have few shale partings (Figure 8), but from 
800 m in the section to 975 m shale partings and interbeds 
are more common. The quartzitic package, 259 m thick, is 
overlain by massive to horizontally laminated argillites.
A
%
Figure S Amalgamated grain flow deposits near Quinns, 
Montana showing scoured bases
This section differs dramatically from the two sections 
measured on the north side of the Jocko Line. These changes 
include a thickening of both the slump and quartzitic inter­
vals; an increase in the size of individual slump folds; an
19
increase in the amount of argillite beds; and significantly 
fewer ripple crossbeds and more horizontal laminations and 
silt-shale couplets within the slumps. The horizon contain­
ing the slumps —  which is 417 m thick in the McLaughlin 
Creek Section —  increased 299 m in thickness to 716 m. The 
quartzitic grain flew interval also thickens by 9 2 m to a 
total of 259 m. Separate flows within the quartzitic inter­
val also thicken, many being several meters. The amount of 
argillite interbeds also increases, and one possible channel 
was observed (Figure 9) .
I
Figure 9 Possible channel within grain flow sequence 
near Quinns, Montana
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Individual slump folds measure in the tens of meters, an 
order of magnitude-increase from the folds observed on the 
north side of the Jocko Line. The grain size in the lower 
slump interval decreases across the line, argillites, rather 
than fine sands, being the most common rock type. However, 
as on the north side, the beds do become sandier toward the 
top of the slump interval. Ripple crossbeds also decrease in 
abundance to the south, suggesting that the depositional 
environment was below wave base, or deposition of the slumped 
argillites on the south occurred at very low velocities in a 
more distal environment than those argillites to the north.
21
CHAPTER V
PALEOSLOPE TREND
To determine the trend of the paleoslope, sixty soft 
sediment folds were measured in the field. The folds were 
rotated to the horizontal before paleo trends were evalu­
ated. Hinge lines and/or axial planes and limbs of folds 
were measured for 31 soft sediment folds on the north side 
of the Jocko Line at the McLaughlin Creek Section and 29 
measurements were taken south of the Jocko Line at the 
Quinns section (Figures 10 and ll and Appendix II) .
The majority (66%) of the folds north of the Jocko Line 
verged to the southwest, 17% to the northwest, and 17% verged 
approximately east.
South of the Jocko Line at Quinns, more scatter was ob­
served in the soft sediment folds, 42% of the folds verged 
to the southwest while 42% verged to the northeast. The folds 
on the south side of the Jocko Line were both larger and more 
numerous than those observed to the north. The immense size 
of some folds, measuring in the hundreds of feet, made axial 
plane measutements difficult, and these large folds were not 
measured. Also, numerous small-scale soft sediment folds were
22
W-- paleoslope strike N I5*̂ W --E
Figure 10 Contoured bearing and plunge of 29 
soft-sediment folds within the Quinns 
section, rotated to horizontal.
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N paleoslope strike . N25W - - E
Figure 11 Contoured bearing and plunge of 31 soft- 
sediment folds within the McLaughlin Creek 
section, rotated to horizontal.
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so contorted and seen only in two dimensions within road 
cuts that measurements were impossible (Figure 12).
i
Figure 12 Small contorted soft-sediment folds
Only those folds seen in three dimensions with observable 
hinge lines were measured.
Ideally, soft-sediment fold axes parallel the slope and 
verge in a downslope direction (Murphy and Schlanger, 1962). 
The majority of data from the north side of the Jocko Line
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indicates a paleoslope, trending N25°W and sloping to the 
southwest. On the south side of the line the data indicates 
a slope trending N15®W, sloping either to the SW or NE.
I believe the apparent opposing dip directions of the 
paleoslope on the south side of the Jocko Line are a conse­
quence of large southwest verging folds. These large folds 
came from the northeast, verging S75°W off a slope trending 
N15®W, as 42% of the measurements indicate. The opposing 
folds can either be interpreted as drag folds on the larger 
folds (Godlewski, 1978) (Figure 13 ) , or alternately the re­
sult of stacked up slumps that have folded back on themselves 
as described by Murphy and Schlanger (1962) (Figure 14 ).
Figure 13 Drag folds developed on large soft-scdimcnt 
f o l d s h o w i n g  opposite direction of vergence
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Figure 14 Stacking and overturning of slumps with 
accompanying oppositely-oriented soft- 
sediment folds
Similar opposite-fold orientations were reported by Murphy 
and Schlanger (1962) in the Ilheus and Sao Sebastiao Forma­
tions of Brazil. Either or both of these alternatives seems 
plausible in light of the more convincing folds verging S65°W 
north of the Jocko Line. The north folds are smaller and 
less likely to develop measurable drag folds, and their inter­
preted location higher on the slope makes stacking of sediments 
less likely.
The fold orientations measured in the study area indicate 
a paleoslope striking N25°W, dipping to the southwest. This 
orientation deviates 65° from the strike of the Jocko Line as 
proposed by Winston of east-west. This discrepancy may be
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explained in several ways: 1) soft-sediment folds may not
accurately define the paleoslope and fault trend, as dis­
cussed below, 2) soft-sediment folds do define the paleoslope 
and locally it trended at an angle to the fault, due to slump- 
induced modifications, 3) soft-sediment fold orientation has 
been rendered useless due to unknown rotation on thrust plates 
or other tectonic overprinting, 4) a fault-induced slope ex­
isted and it trended N25°W as the data indicate.
Some investigators have found that soft-sediment deforma­
tion folds are not always the most reliable indicators of 
paleoslope and sediment transport directions, and one needs 
correlation from other direction indicators (Lajoie, 1972) . 
Ideally, flute and groove casts or tool marks within the upper 
sandy grain flow interval would be more reliable indicators 
of sediment transport and possible slope direction. Unfortun­
ately, sole markings were rarely seen in place.
In some studies soft-slope orientation has relected 
slope direction (Helwig, 1967; Allen, 1960; Tyler, 1972;
Murphy and Schlanger, 1962) . Tyler (1972) described slump 
fold orientations in the Pigeon Formation of California that 
showed a mean down-current direction quite similar to those 
directions obtained from cross-bedding, ripple marks, clast 
imbrication, flute casts, and channel axes. Allen (1960) 
reports similar results form the Mam Tor sandstone of England. 
However, in other studies fold orientations do not correlate
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with current direction, but do correlate with slope trend.
In Brazil, Murphy and Schlanger (1962) showed fold orienta­
tions to be normal to current indicators. They concluded 
that current structures were developed by contour currents 
and were not reliable indicators of slope and that only soft 
sediment folds gave true indication of the paleoslope —  the 
strike of the slope being parallel to the fold axes and the 
dip normal to the fold axesin the direction of vergence.
In still another study, Lajoie (1972) indicated that 
the orientation of snow slump folds range through an arc 
of 180 degrees from parallel to perpendicular to the slope 
(Figure 15 ) .
STRI KE OE S L O P E W
\  OF SLOPEBASE
3 0  FEET
A X I S  OF F O L D F A U L T
9 M E T E R S
Figure 15 Map of slump fold axis orientation, obtained 
by measuring axes from a number of photographs 
(Lajoie, 1972)
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Lajoie (1972, p.586) concludes: " it seems premature to
use slump fold axes as paleoslope indicators; they give 
erroneous results unless they are well documented over a 
large area."
Still another problem in slump fold orientations is 
the exact location of slumps in the depositional environment 
Do they only occur in submarine canyons which cut the slope 
at some angle, or are they common everywhere along tecton- 
ically active slopes? (Emery, et al., 1970; Cook, 1978).
At present I feel the limited data obtained in the 
study area make statements of the orientation of the paleo­
slope at Quinns tentative at best, although a hypothesis 
will be presented which incorporates the slope data into a 
depositional model based on the lithologie and stratigraphie 
data.
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CHAPTER VI
SULFIDE ANALYSIS
Syngenetic stratiform sulfide deposits have long been 
recognized within subsiding marine basins in conjunction 
with submarine voicanism and faulting (Wolf, 1976; Jenks, 
1971). There appears to be a continuum in these types of 
deposits from those closely associated with volcanics to 
deposits almost totally devoid of a volcanic component 
(Gilmour, 1971). The latter group include the Precambrian 
McArthur River, Mt. Isa and the Sullivan deposits. The 
deposits of this type possibly develop from precipitation 
in local depressions on the sea floor, of sulfide-rich 
solutions which circulate through a convective cell(Wolf,
19 76) (Figure 16).
Favorable conditions for formation of such a convective 
cell and sulfide deposition include a heat source at depth, 
an active fault through which water can circulate, permeable 
surrounding sulfide-bearing sediments and/or volcanics, and 
a favorable site for precipitation. Heat at depth circulates 
water through the sediments and back to the surface along 
faults. If the water has leached metallic elements from the
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sea level
fault-induced slope
massive sulfides
distalturbidite sedimentation
discharge of sulfide brines 
along fault zone
leaching of
metalliferous sediments
heat source 
at depth
Figure 16 1 (Ic'a 1 I i'.cd m o d e l  of; fjohvoct i vc ec 1 1 a n d  m a m ;  i ve 
sul.fide,' d é p o s i t i o n  (nujdi fled f r o m  W o l f ,  1976) .
32
sediments by the desorption of metals from clays (Jackson- 
Beales, 1967) , these elements may precipitate on the sea 
floor in local depressions adjacent to the fault- The hot 
dense metaliferous brines would be drawn by gravity and den­
sity differences down the slope, to favorable locales for 
precipitation. The basins must be relatively free of clastic 
sedimentation during deposition of sulfides and sulfur must 
be available to complex the metallic elements. For the Pre­
cambrian McArthur River and Mt. Isa stratiform Pb Zn deposits, 
it has been postulated that the sulfur was transported in the 
same solution as the metal chloride brines, and the metal 
sulfide precipitation occurred in response to physiochemical 
changes as the solution emanated at the sea floor (Wolf, 1976). 
Wolf (19 76) also states that the penecontemporaneous faults 
at the McArthur River deposit could have acted as channelways 
for the sulfide-rich fluids. In both the Mt. Isa and McArthur 
River deposits, soft-sediment slumping and sliding are evident, 
and the deposits lie in structural troughs bounded by growth 
faults. The McArthur River deposit is situated 2.5 km from 
the trough bounding Emma fault (Wolf, 1976).
This model of sulfide, deposition from a convective cell 
can be applied to the structures within the study area.
There was an active Precambrian fault as evidenced by the 
numerous slumps. The fact that diabase sills intruded the 
Prichard Formation shortly after its deposition implies that
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a heat source to drive the convective cell existed. The 
sediments are water lain and thicken to the south, indicating 
a structural trough and a possible favorable environment for 
deposition. Sulfur may have been carried with metallic-rich 
brines or made available due to sulfate-reducing bacteria 
within a stagnant basin (Huebschman, 19 7 3).
To determine if the Precambrian fault (Jocko Line)acted 
as a conduit for sulfide-rich brines that precipitated on the 
southern down-dropped block, 48 rock samples vzere analyzed 
for A g , As, Cu, F e , Mn, P b , and Zn. The samples were collec­
ted at 100-foot intervals on both sides of the St. Marys 
Fault; 18 samples from the McLaughlin Creek Section; and 30 
samples from the Quinns Section. If sulfide brines circulated 
up the fault within the study area and conditions were favor­
able for sulfide precipitation to the south, then those samples 
collected at the Quinns Section might be enriched in metal 
sulfides. Statistically, the two populations of samples, 
north and south, should differ enough to infer a local source 
for metal sulfide on the south side of the St. Marys Fault.
The results of the analysis (Appendix III) show that the 
average metal concentration of A s ,A g , Cu, M n , Fe and Pb mea­
sured in PPM increased only slightly south of the St. Marys 
Fault, The Zn concentration decreased slightly. Statistically, 
however, the differences are not large enough to infer a local 
source for the metal concentration on the south side.
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Thus, it appears that the sediments were not enriched 
in metallic sulfides from a local source within the study 
area. However, the rapid sedimentation and slumping within 
the area may have overwhelmed any favorable depositional 
sites. Also deposits of this type have sharp chemical boun­
daries, displaying little halo effect, and unless samples 
are taken very close to a sulfide concentration, that concen­
tration could go undetected (Ian Lange, personal communication). 
The possibility remains that sulfides were precipitated fur­
ther from the fault as in the case at McArthur River or else­
where along the Jocko Line where a convective cell was opera­
tive and conditions for sulfide precipitation were favorable.
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CHAPTER VII
TECTONIC HISTORY AND DEPOSITIONAL ENVIRONMENT
Most of the sediment in the slumped interval, described 
in Chapter IT, are interpreted to be distal turbidites 
(Bouma, 1968; Ericksson, 1980; Lovell, 1969) or thin-bedded 
turbidites of Walker (19 78) and pelagic sediments. Most of 
the 1/2 cm to 3 cm fine sand to argillite couplets and mas­
sive argillites contain the DE or BCE turbidite sequence.
Beds which display a BCDE or a complete ABCDE Bouma sequence 
are rarer and mainly occur on the north side of St. Marys 
Fault below the slumped interval. Thin-bedded distal tur­
bidites, up to 10 centimeters thick, are considered to be 
deposited on outer fans or abyssal plains, located seaward of 
continental slopes (Lovell, 1969 ; Walker, 1967; Normark, 19 78) 
The occurrence of more complete Bouma sequences in slightly 
thicker and coarser beds in the McLaughlin Creek and Flathead 
River Sections on the north side of the St. Marys Fault indi­
cates that the turbidity currents flowed from the north sec­
tion to the south section. Walker (19 78) pointed out that 
these types of turbidity deposits might also form as levee 
deposits adjacent to submarine fan channels and suggested the
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words thinly-bedded turbidites be substituted for distal 
turbidites. In the slumped interval of the Quinns Section, 
measuring 716 m, very few thick massive sandstone beds occur 
and no channels were seen, which rules out the possibility 
of overbank deposition. The lack of significant sand depo­
sition, the occurrence of massive argillite, which may repre­
sent pelagic sediment in a deep basin, as well as the abun­
dance of distal turbidite beds, represented by the indistinctly 
graded sand shale couplets, lead to the conclusion of deposi­
tion on a sub-wave-base plain or slope. I believe the floor 
of the basin sloped gently downward to the south or southwest. 
This environment initially must have existed prior to the 
faulting and slumping in the study area. The sediments were 
most likely derived from the northeastern edge of the Belt 
Basin as delineated by Harrison (1972) (Figure 17).
Some of the thin silt and shale laminations in the 
slumped interval which do not appear to be part of the tur­
bidite or pelagic sequence may represent contourites (Bouma 
and Hollister, 1973) or influxes of windblown dust (Huebschman, 
1973) .
I believe the slumps may have begun in the study area 
with the advent of faulting. Earthquake-triggered slumps 
along tectonically active slopes are well documented . (Jenks, 
1971; Mutti, 1974; Whitaker, 1974; Helwig, 1970; Fairbridge, 
1946; Lucchi, 1975) . Another triggering mechanism for slumps
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Figure 17 Map of tlie northwestern United States showing 
the approximate limit of known Belt outcrops. 
{Modified from Harrison, 1972, in Meglen, 1975)
is an increase in sediment-poor water pressure due to loading 
caused by increased sedimentation (Heezen-Drake, 1964;
Uchupi, 1967), This mechanism appears unlikely, due to the 
lack of observed water escape structures, sand dykes, and 
intrastratal deformation. There is also no evidence of
excessive clastic sedimentation overlying the individual 
lower slumps.
The thickness of the slumps and recognition of several 
major slumps containing similar lithologies in the sequence 
suggests sporadic faulting with relatively long periods of 
quiescence between major tectonic events. Thus initial 
faulting created a slope down which deep water sediments 
slumped, followed by quiescence and accumulation of deep 
water sediments possibly smoothing the fault-induced topo­
graphy. Each subsequent tectonic movement may have super­
posed new slumps upon the old, eventually creating the thick 
interval of slumped argillites stacked to the southwest as 
observed in the study area (Figure 18). Sediments of this
type most resemble chaotic beds of wild-flysh deposited
along tectonically active marginal belts tilted and faulted
between rising and sinking blocks, which are zones of in­
stability along which turbidity currents and gravity slides 
commonly occur (Jenks, 19 71).
The great thickness of the Slumped interval in the 
study area suggests that slumping may have modified the 
local slope. Uchupi (1967) cites slumping off Long Island, 
New York, that created a broad reentrant approximately 100 
km long and 10 km back into the slope, and suggests that 
slumping plays a significant role in molding margins. It 
seems reasonable to suppose that the slumps in the study 
area also formed a local reentrant and a favorable locale
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40 ■ ®Parated
for development of a submarine canyon and fan complex. The 
reentrant could possibly capture sediments flowing into adja­
cent fan complexes, thus shifting the site of clastic deposition 
(Normark, 19 70). The fact that channels and characteristic 
fan deposits were not identified implies that during the 
slumping events very little coarse clastic sediment was being 
deposited within the basin. Even without the development of 
a fan complex, a concave reentrant into the slope would ex­
plain the soft sediment fold orientations at an angle to an 
east-west trending fault induced slope (Figure 19).
submarine
canyons
submarine
fans
Jocko
Fault slumped
sediments
10 km
Figure 19 Possible modification of slope due to large scale
slumping
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As noted in the lithic descriptions of Chapter IV, the 
fine sand content increases on both sides of the Jocko Line 
at 244 m on the north and 518 m on the south. The uppermost 
slump to the north at 335 m shows a striking increase in the 
sand/shale ratio. This increased sand/shale ratio and the 
subsequent deposition of the sandy grain flow interval may 
represent either: 1) increased erosion from the source area
(Lucchi, 1975); 2) a progradation of the shelf environment 
over the slope sediments, caused by a lowering of sea level 
(Moore and Curry, 1974; Bishop, et al., 1970); or 3) the 
advent of channelized sediments reaching the slope area 
creating a submarine valley and fan complex within the re­
entrant formed by the slumping (Eriksson, 1980).
The possibility exists that erosion and clastic sedimen­
tation did increase within the source area, but a mechanism 
for moving the sediment across the shelf area still must be 
developed. Therefore, the thick amalgamated grain flow sand 
sequence above the slumped interval must be carefully inter­
preted to evaluate the later two models of deposition within 
the study area.
The sand beds within the upper quartzite interval are 
not graded and display very few of the characteristics asso­
ciated with true turbidity flows. For this reason, 1 suggest 
the term "grain flow" after Stauffer (1967) and Bagnold (1954) 
be used to describe the depositional process. Grain flows
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are induced by gravity on a slope. Bagnold suggests the 
initial slope must exceed 18®. The grains are kept in sus­
pension by grain to grain collision, which sets up a disper­
sive stress which maintains their dispersion and prevents 
their settling out (Stauffer, 1967) . Stauffer (1967) suggests 
that grain flow beds occupy a transitional position between 
turbidite sediments and shelf sediments and represents a 
phase of rapid filling, transforming a turbidite trough into 
a shelf area. Grain flows could develop within a submarine 
fan complex or as sand sheets spilling over the entire slope 
area (Stauffer, 1967).
Modern and ancient upper fan complexes, containing massive 
sandstone sequences, are recognized by numerous channels and 
overbank deposits (Normark, 19 74; Walker, 1967). However, few 
channels were seen within the study area, and there were no 
overbank-like deposits which makes a submarine fan complex 
seem doubtful.
Therefore, I suggest that the massive sandstone interval 
was deposited upon the entire slope and rise by grain flows. 
The shoaling of the shelf area to the north of the Jocko Line 
could have allowed strong currents to sweep medium to fine 
material out to and over the edge of the shelf (Bishop, 1970). 
This change in relative sea level may have been triggered by 
block faulting within the basin, increased sedimentation, or 
climatic variations. Periodic infillings of the Belt basin
during deposition of the Prichard have been suggested pre­
viously (Bishop, 1970; Huebschman, 1973).
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CHAPTER VIII
SUMMARY - CONCLUSIONS
The sections under study included a slumped interval of 
distal turbidites and pelagic sediments overlain by a quartz- 
itic interval of amalgamated grain flow deposits correlatable 
across the St. Marys Fault.
I feel that this sequence of lithologies represents 
penecontemporaneous internal basin faulting of deep water 
sediments and the eventual overwhelming of the entire basin 
by clastic grain flows sweeping across a rapidly shoaling 
shelf area. Future studies may document this sequence of 
events in other parts of the basin within the lower Prichard, 
If changing sea levels caused clastic influxes at other 
stratigraphie levels with the Prichard Formation, these 
sequences of deep water sediments capped by massive grain 
flows may give us the stratigraphie marker horizons needed 
to accurately map and understand the Prichard Formation.
The presence of the large-scale slumps within the study 
area and the fact that the section thickens on the southern 
side of the St. Marys Fault indicate that a slope existed 
during deposition of the Prichard Formation, That the slope
45
was fault-controlled seems reasonable in that no evidence for 
excess loading existed within the slumped interval.
The trend of the Precambrian slope within the study area 
was approximately N25°W, sloping to the SW. This may have 
been the true trend of Precambrian faults, striking N25 W 
that were not part of the Jocko Line; or slumping along the 
Jocko Line may have locally modified the position and strike 
of the slope. The soft sediment folds also may have been 
affected by later thrust faulting and/or they may not truly 
represent the paleoslope trend.
No evidence for an increase in sulfides on the southern 
block was found. However, local basin topography or sedimen­
tation rates within the study area may account for the lack 
of significant sulfide enrichment immediately south of the 
Jocko Line. In view of the fact that the Coeur d'Alene Mining 
District lies on the western extension of the proposed Jocko 
Line, I feel that there is exploration potential along the 
Jocko Line.
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Anticline
APPENDIX II
Soft Sediment Fold Orientation at 
Quinns and McLaughlin Creek Section
Quinns
Bearing
Rotated
Rotated
Direction
Meters
or
Syncline Bearing
to
Horizontal Plunge
South
Limb
North
Limb
of
Virgenc
15 Ant S80W N86E 0** 47NW 32NVJ S4E
45.7 Ant S5W N6E 30° 50SE 30NW :S84E
45.7 Ant N20W N30W 0° 20SW 75SW N60E
45.7 Ant S30E S19E 35° 8SW 5NE S71W
27.4 Syn S15E N18W 20° 90 15SW N72E
45.7 Syn N20W N30W 0° 75SW lOSW N60E
109.7 Ant S30W N28E 25° 35SE 55SE N62W
109.7 Ant S30W N28E 25° 25SE 60SE N62W
152.4 Ant N55E S79E 35° 35SE 70SE NllE
109.7 Syn S30W N28E 25° 55SE 55NW -
109.7 Syn S30W N28E 25° 60SE 15SE N62W
122 Syn S55E N51W 12° 16NE 75NE S39W
269.7 Ant 82 OE N15W 30° 50NE 25SW S75W
426.7 Ant 82 OE N19W 15° 90 40SW S71W
426.7 Syn S70E S40E 40° 85NE 35SW N50E
Ant S N2E 30° 60E 30E S88W
Ant N60W N63W 0° 70SW 3 ONE S27W
Ant S N2W 15° 85E 25W S88W
Ant S15E S2E 50° 70SW 75SW N88E
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APPENDIX II (Continued)
Anticline
Bearing
Rotated
Rotated
Direction
Meters
or
Syncline Bearing
to
Horizontal Plunge
South
Limb
North
Limb
of
Virgenc
Ant S50E S40E 25° 40SW SOSÎ'J N50E
Ant S30E S9E 55° 72SW 40NE S81W
Ant S30E S4E 60° 70SW 65NE S86W
Ant S40E N48W 0° 45SW 65SW N42E
Ant S35E S20E 40° 47SW 90 N70E
Syn N60W N63W 0° 30SW 30NE S27W
Syn S60E S57E 10° 28NE 65NE S33W
Syn S20E S6E 50° 75SVJ 45SW N84E
Syn S15E N9W 35° 50NE lOSW N81E
Syn N40W N48W 0° 80SW 60SW N42E
Syn SlOE N5W 35° 7NE 65NE S85W
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Meters
Anticline
or
Syncline
APPENDIX II (Continued)
McLaughlin Creek
Bearing
Rotated
to South
Bearing Horizontal Plunge_____ Limb
North
Limb
Rotated
Direction
of
Virgence
13.7 Ant N27W S23E 15° 55SW 25NE S67W
13.7 Ant N40W N30W 16° 55SW 25NE S60W
16.7 Ant N50W N32W 23° 57SW 5NE S58W
16.7 Ant N60W N38W 22° 65SW 14NE S52W
16.7 Ant N58W N27W 35° 49SW lONE S63W
22.8 Ant N34W N25W 17° 35SW 2 ONE S65W
13.7 Syn N30W N23W 15° 35NE 80SIV S67W
16.7 Syn N45W N26W 25° 5NE 65NE S64W
16.7 Syn N35W N27W 15° lONE 55SW S63W
19.8 Syn N40E S49W 37° 25NW 75SE S50E
22-8 Syn N30W NISW 25° 22NE 45SW S60W
24.4 Ant N25W S34E 0° BONE 64NE S56W
61 Ant N50W NlW 55° 80SW lOSlrJ S89W
68-5 Ant N30W N8E 57° 70SW 45NE N82W
61 Syn N45W N20W 34° 15NE 60NE S70W
53.3 Syn N60W N51W 5° 15NE 60NE S39W
Syn N30W N17W 25° 22NE 45SV7 S73W
99 Ant N S2W 20° 5E 80E S88E
99 Ant NlOW S12E 10° 55NE lONE S78W
■p Ant N7Tr: N20E 47° 37SE 12NW N70W
145 Ant N30W N8W 40° 80NE 3NE S82W
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APPENDIX II (Continued) 
McLaughlin Creek 
Bearing
Anticline Rotated
or to South
Meters Syncline Bearing Horizontal Plunge Limb
North
Limb
Rotated
Direction
of
Virgence
114 Syn NlOW S3E 25° 45DQE 21SW N87E
? Syn N8E S13W 31° 15NW 38SE S77E
227.3 Ant N sew 32° 5W 32E S82E
? Ant N20E S25W 37° 5NW 8NW N65W
221 Syn N55W N14W 45° 4NE 19SW S76W
270 Ant N45W N26 25° 65NE 30NE S64W
364.2 Ant N30W N18W 25° 35SW 24NE S72W
364.2 Syn N60W N37W 30° 12NE 60SW S53W
373.4 Ant N7W N7E 40° 29SW IINE N83W
373.4 Ant N9E S15W 35° 27SE 15NW N75W
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APPENDIX III
Geochemical Results of Whole Rock Analysis at Quinns 
and teLaughlin Creek Sections,
Sanples Taken at 30.5 m Intervals
Meters
ppm
Ag
ppm
As
ppm
Cu
ppm
Fe
ppm
Mn
ppm
Zn
ppm
Quinns
0 0.9 <10 9 29100 190 14 47
30.5 1.0 <10 24 26900 220 15 57
61.0 0.1 <10 3 13700 105 8 30
91.5 0.1 <10 2 10800 86 4 21
122 3.7 <10 160 64500 555 64 62
152.5 0.1 <10 8 20300 160 9 34
183 0.1 <10 4 24900 155 9 29
213.5 0.1 <10 12 20000 150 9 31
244 0.5 69 11 27800 270 14 39
244.5 0.3 30 33 29600 330 17 49
305 1.0 12 130 67800 750 22 49
335.5 1.1 160 18 17500 170 28 28
366 0.1 <10 24 30700 340 11 45
396.5 0.6 <10 37 33900 470 32 49
427 0.1 10 13 20200 210 13 37
437.5 0.1 <10 34 30000 210 8 19
488 0.1 <10 20 29700 195 12 25
318.5 0.1 <10 16 21300 225 15 30
549 0.1 <10 32 30400 290 12 37
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APPENDIX III (Continued)
Meters
ppn
Ag
ppn
As
ppn
Cu
ppm
Fe
ppm
Mn
ppm
Pb ppmZn
579.5 0.1 <10 31 22100 215 11 35
610 0.1 <10 10 22300 235 15 37
640.5 0.1 10 19 29300 230 18 29
671 <0.1 <10 5 12900 77 5 22
701.5 0.1 <10 16 11700 115 4 12
732 <0.1 14 15 14200 90 10 14
762.5 0.1 <10 32 18400 115 15 16
793 0.1 <10 12 16100 115 10 36
823.5 <0.1 10 22 17600 115 12 19
854 <0.1 <10 14 10200 70 2 8
884.5 <0.1 <10 33 11800 81 4 10
McLaughlin Creek
0 0.4 <10 10 22600 160 19 43
30.5 <0.1 <10 13 28500 260 18 53
61 0.1 10 2 27800 250 18 42
91.5 <0.1 23 4 21500 170 16 38
122 0.1 <10 3 17100 210 10 41
152 0.1 <10 20 19900 215 16 40
183 0.1 <10 10 21600 225 13 35
213.5 <0.1 <10 16 28200 280 13 25
244 <0.1 <10 5 24600 280 20 38
274.5 0.1 12 1 22600 205 14 38
305 <0.1 <10 1 14500 190 12 37
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Meters
ppm
Ag _ _ _ _
APPENDIX III
ppm ppm 
As Cu
(Continued)
ppm
Fe
ppm
Mn
ppm
Pb
ppm
Zn
335.5 <0.1 10 4 16200 195 11 35
366 0.1 <10 10 21700 240 16 40
396-5 <0.1 <10 6 14400 125 8 21
427 0.5 <10 33 29600 285 1 35
457.5 0.3 < 10 8 17700 165 19 43
488 <0.1 <10 1 20500 155 11 37
518.5 <0.1 < 10 2 21600 195 14 30
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